Geospatial information catalogs are complex infrastructures that store and publish geographic information.
INTRODUCTION
The term geospatial data refers to all kinds of data on objects and phenomena in the world that are associated with spatial characteristics and that reference some location on the Earth's surface. Examples include information on climate, roads, or soil, but also maps or telecommunication networks. Such data are a basis for decision making in a wide range of domains, ranging from studies on global warming to those on urban planning or consumer services.
For example, geographic applications for consumer services, like those provided by (Borges et al., 2007) and (Jones et al., 2003) , assign a location to Web pages, based on existing geospatial evidences, such as addresses and phone number. This information can be subsequently used, for example, to nd consumer services using fuzzy queries and to correlate Web pages spatially. In emergency management, geospatial information can be useful to identify areas prone to disasters (Klien et al., 2004) or to help in traf c control. In agriculture they are very useful for agroenvironmental planning (Macário et al., 2007; Macário and Medeiros, 2008) , providing means to enhance agricultural productivity.
The Web plays an important role in this scenario, having become a huge repository of distributed geospatial information. Data are collected and stored by different organizations, which are required to exchange such data. These distributed data may be retrieved and combined in an ad hoc way, from any source available in the world, extrapolating their local context. Usually, the search for these data and methods is done by their syntactic content, focusing primarily in keyword matching. This can lead to retrieval of irrelevant data, and to omission of relevant facts.
Hence, semantic interoperability is also a key issue in discovery, access and effective search for data in different application contexts. Solutions must take into account the constant modi cations in the real world, and the evolution of our knowledge about the world.
There is a large amount of research on the management of geospatial data, including proposals of models, data structures, exchange standards and querying mechanisms. One area of activity concerns the so-called Geographic Information System (GIS) catalogs. These work as metadata catalogs that can be indexed by various means, such as by geographic location, and provide support for users to search for the data in different GIS data repositories. Catalogs are based on a common set of ideas which do not take semantic interoperability into account. This is a critical function necessary for advanced GIS applications, specially in the context of the Geospatial Semantic Web (Egenhofer, 2002) . In this work we identify important criteria that must be met by catalogs. Based on the results of comparing six widely used catalogs, we point out issues for research and development in the Semantic Web context. This discussion points at directions that must be followed in order to enhance the interoperability of GIS on the Web. (1) adoption of standardized data element names to describe and exchange the data; (2) description of information in terms that allow common understanding;
(3) exposing data to be found and retrieved; (4) designing ef cient retrieval mechanisms.
A standard establishes the name of data elements (metadata) and/or groups of these elements, providing a common set of terminology and de nitions for the description and exchange of data. The adoption of a common vocabulary in this description ensures that data producer and consumer share the same understanding of data. Hence, in the Semantic Web, the description of the meaning of data using ontology terms, through standardized metadata is a way to provide semantics, increasing interoperability. This description process is called annotation.
The Semantic Web for geographic information, All of this leads to the search for a geospatial information retrieval framework that relies on ontologies, allowing users to retrieve desired data based on their semantics.
In spite of several efforts, the Semantic Web is far from becoming a reality (Shadbolt et al., 2006 
Geospatial Catalogs
Catalogs are complex structures that enable data to be found and retrieved, through the publishing of de- Geospatial data is described by metadata and these descriptions are published in a catalog to support data discovery. Data discovery can be performed either by browsing the content of the catalog or by choosing certain query terms. Once the desired metadata is found, the data referenced can be retrieved.
DESIRABLE GIS CATALOG FEATURES
In a Web environment, GIS users need to explore available databases to discover the desired information. In order to nd the data, the rst step is to search for speci c GIS catalogs and, once connected to the catalog, look for candidate metadata describing the desirable data. As the needed data is found, the users can download and use it in theirs applications.
However, this is not an easy task to perform.
Geospatial data are complex, due to their spatial com- The ISO 19115 standard (ISO, 2008 ) is a well known standard for geographic information metadata that de nes the schema required for describing geographic information and services. It provides information about the identi cation, the extent, the quality, the spatial and temporal schema, spatial reference, and distribution of digital geographic data (Silva, 2008 Table 1 shows a comparative analysis of the presented catalog systems, taking into account the features presented on section 3.
Comparison of Catalogs
Except for the Embrapa Agency and GOS, all the analyzed tools were implemented considering the speci cations provided by OCG. Though GOS is not compliant with OGC, it was implemented according to the National Spatial Data Infrastructure provided by FGDC, which also focus on cooperative production and sharing of geographic data. All the catalogs provide data that are described using metadata standards, most of them using FGDC or ISO 19115. This indicates that they all aim to promote the exchange of the data they provide. However, to really support data exchange, it is necessary that these descriptions be supplied in an exchangeable format, like XML or csv. The translation of element names from a standard, or saving data descriptions in a textual format, as Embrapa Agency and IDEE do, restricts this exchanging.
The search for data is provided both in simple and
in advanced ways in all tested catalogs, except on IDEE, which offers only the advanced one. A simple search enables the user to look for the keyword occurrence within the entire record. However, this can be a hard operation. Embrapa Agency, though offering both kinds of search, has a limited number of options for the advanced search. The same occurs • Search on Multiple Servers: We identify this as a challenge because of the following: (1) some catalogs presented bad performance, thus motivating the need to develop or adopt better algorithms; (2) some results were very dif cult to interpret because of the language they use, making the data useless. Hence, content description has to be also in a well-known language; (3) some results were dependent on available services. As many catalog or data providers were of ine, it was impossible to get the data.
• Semantic Search: This is a central issue to be considered. The available catalogs do not provide this kind of search, in spite of its usefulness when it comes to geospatial data. A good survey of semantic search approaches can be seen in (Mangold, 2007 ).
• Query Modi cation: Although this is part of the previous item, it is also an important issue to be considered by itself. Query modi cation in catalog search can help disambiguate search expressions and enhance semantics.
• 
